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57 ABSTRACT 
A semiconductor device of a multilayer structure com 
prising semiconductor materials of different properties 
manufactured by using at least a step of epitaxially 
forming a semiconductor material layer on a substrate 
and a passivation film layer thereover, a step of intro 
ducing impurities into specific portions of the epitaxi 
ally formed semiconductor material layer and a step of 
removing the passivation film layer formed directly 
above the epitaxially formed semiconductor material 
layer within an epitaxial device and then applying epi 
taxial growing. Impurities introduced additionally to 
specific portions of the layer inside are substantially 
eliminated at the boundary adjacent the layer above the 
region introduced with impurities and the properties of 
the thus-produced semiconductors vary abruptly at the 
boundary between the layer in which the impurities are 
introduced and the layer thereabove. The material used 
for the passivation film layer comprises one that can be 
epitaxially formed and easily removed at a temperature 
and in a atmosphere under which the epitaxially formed 
layer below the passivation film are not decomposed or 
evaporized. 

19 Claims, 8 Drawing Sheets 
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5,037,769 
1. 

METHOD OF MANUFACTURING 
SEMICONDUCTOR DEVICE 

This application is a continuation divisional, of now 
abandoned application Ser. No. 06/900,631, filed Aug. 
26, 1986. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

. . This invention concerns a semiconductor device such 
as a bipolar transistor (hereinafter simply referred to as 
BT) which is manufactured by using a multilayer struc 
ture material formed through the epitaxy of semicon 
ductor materials of different properties and which is 
useful as an ultrahigh frequency and ultrahigh speed 
transistor and, particularly a heterojunction bipolar 
transistor (hereinafter simply referred as HBT) a semi 
conductor laser and a light emitting diode, as well as a 
method of manufacturing same. 

2. Description of the Prior Art 
High speed operation factors f and fin for BT are 

represented as: 

T 277 (T + r -- T -- Tec) 

f, - Nf, y \scrbcbc. 
where 

te (emitter depletion layer transit time) = re(Cbc 
--Ceb-Cpb), 

Tb (base trainsit time)=Wb2/nDb, 
Tc (collector depletion layer transit time)=We/2Vs, 

Tcc (collector depletion layer charging time)=- 
(Ree--Rc). (Cbc.--Cpc), 

Rb: base resistance, 
Cbc: base-collector capacitance, 
Ceb: base-emitter capacitance, 
Cpb: base layer parasitic capacitance, 
Cpc: collector layer parasitic capacitance, 
Wb: base layer thickness, 
Db: base layer diffusion coefficient, 
Wo: collector depletion layer thickness, 
Vs: collector transit speed, 
Ree: emitter contact resistance, and 
Ric: collector resistance. 
As can be seen from the formulas, it is important in a 

BT to decrease the junction capacitance such as the Cbc 
and Ceb, the base layer thickness, the ohmic contact 
resistance and the base resistance in order to increasef 
and fin. Above all, it is important to decrease the base 
resistance Rb and Cbc in order to increase the fin. In 
view of the above, attempts have been made for reduc 
ing the size of transistors. 

In an HBT using a semiconductor material as an 
emitter having a band gap larger than that of the base, 
since the leaks of positive holes from the base to the 
emitter is suppressed (in the case of npn type), the base 
can be doped to a higher extent, while the emitter and 
the collector can be doped to a lower extent contrary to 
an ordinary BT. Since this can reduce the base resis 
tance Rb which is important for increasing the opera 
tion speed and the frequency of the transistor, it is ad 
vantageous for the increase of the factor fin. Further, in 
the usual bipolar transistor, Cbc and Ceb are repre 
sented as a product of the factors Ceb (n, h), Cbc (n, h) 
of the junction capacitance depending on the doping 
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2 
and the junction areas Aeb, Abc. Since the emitter and 
the collector are doped at allow concentration while the 
base is doped at a high concentration in the heterojunc 
tion bipolar transistor, Ceb (n, h) and Cbc (n, h) are 
dependent only on the doping of the emitter and the 
collector and Ceb and Cbc are represented as: 

Ceb C. V.Ne:Aeb Cbc or VNc-Abc 

Accordingly, since Ceb and Cbc are made smaller in 
an HBT by reason of the hetero-structure as compared 
with the usual BT, te and rcc are made smaller to pro 
vide an advantage for the increase off. Further, since 
the Cbc is made smaller, it provides an advantage in that 
f is increased coupled with a decrease in Rb. For mak 
ing the HBT operation speed higher, it is important to 
optimize the device structure in addition to the optimi 
zation of the hetero-structure itself. A normal structure 
in which the emitter is situated above and an inverted 
type in which the collector is situated above are funda 
mentally possible in the usual BT as the well as HBT (H. 
Kroemer: “Hetero-structure Bipolar Transistors and 
Integrated Circuits' Proc. IEEE, vol. 70, p. 13, 1982). 
In the normal type, it is advantageous to decrease the 
size of the emitter for making the Ceb smaller. In addi 
tion, if the collector can be made smaller by making the 
periphery of the collector semi-insulating, a remarkable 
increase in the f, f is possible since the Cbc can be 
made smaller (P. M. Asbeck, et al. "GaAs/(Ga,Al)As 
Heterojunction Bipolar Transistors with Buried Oxy 
gen Inplanted Isolation Layers', IEEE, EDL-5, p. 311 
(1984)). Further, in a inverted structure, since the col 
lector is situated above, it is essentially advantageous to 
reduce the size of the collector for reducing the Cbc. 
Further, since the Ceb is reduced if the periphery of the 
emitter can be semi-insulated, fand, accordingly, fin can 
be increased. It has been attempted, for such an objec 
tive, to fabricate semiconductor materials of different 
properties into a multi-layer structure suitable for the 
manufacture of BT through an epitaxy and then making 
the periphery of the collector at a specific portion inside 
of the multilayer structure semi-insulating by ion inplan 
tation from above (P. M. Asbeck, et al. "GaAs/(Ga, Al 
)As Heterojunction Bipolar Transistors with Burried 
Oxygen Inplanted Isolation Layers', IEEE, EDL-5, p. 
311 (1984)). 
However, introduction of impurities into the specific 

portion inside of the multilayer structure from above by 
means of ion implantation or diffusion is not desirable as 
it produces undesired effects on the transistor charac 
teristics. This is because the introduced impurities form 
a distribution in the direction of the depth and the impu 
rities are distributed above the specific portion requir 
ing the introduction of the impurities and the crystals 
are inevitably injured due to the great amount of impu 
rities passed therethrough. 

SUMMARY OF THE INVENTION 

The object of this invention is to provide a semicon 
ductor device excellent in high frequency characteris 
tics and a method of manufacturing same. 
Another object of this invention is to provide a semi 

conductor device with a multilayer structure in which 
additionally introduced impurities are present only in 
the desired layer and are not substantially present in 
other layers and a method of manufacturing same. 
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A further object of this invention is to provide a 
semiconductor device with a multilayer structure capa 
ble of avoiding impairment to other layers of the device 
when the impurities are introduced additionally to de 
sired layers and a method of manufacturing same. 
A still further object of this invention is to provide 

materials suitable as a passivation film for the semicon 
ductor device during the course of manufacture. 
The semiconductor device according to the present 

invention has a structure wherein impurities addition 
ally introduced to a specific portion of a specific layer in 
a multilayer structure comprising semiconductor mate 
rials of different properties are eliminated substantially 
abruptly at the boundary between the portion of the 
layer where the impurities are introduced and the layer 
thereabove, and the wherein properties of the semicon 
ductor at the boundary between the layer in which 
impurities are introduced and the layer thereabove vary 
abruptly from the properties of the lower layer and 
upper layer. 
The method of manufacturing the semiconductor 

device as described above comprises the step of forming 
layers in the multilayered structure by means of epitax 
ial growing of the layer to be introduced with impuri 
ties, the step of epitaxially forming a passivation film 
thereover, the step of introducing impurities to a de 
sired portion of the layer introduced with the impuri 
ties, a step of removing the passivation film and the step 
of epitaxially growing again the remaining layers of the 
multilayer structure over the layer introduced with the 
impurities. While the impurity introducing step may be 
carried out either inside or outside of the epitaxy device, 
the effects of the passivation film can significantly be 
obtained in the case of external introduction. The intro 
duction of impurities can be carried out, for example, by 
ion inplantation or diffusion. The material usable for the 
passivation film can include those that can be removed 
with ease at a temperature and in an atmosphere under 
which the materials formed therebelow are not decom 
posed or evaporated and can be formed by epitaxial 
growth. The passivation film serves to prevent the ma 
terials below from being denatured in contact with the 
atmosphere at the step of introducing the impurities. 

In the case, where the semiconductor device is a BT, 
the following process is applied. In the normal type, 
there are at first epitaxially formed at least a doped or 
undoped semiconductor material layer as the semicon 
ductor material layer for forming the collector on a 
substrate material and, further a passivation film layer 
for protecting the surface of an epitaxially grown layer 
on the substrate material. In the case of the inverted 
type, there are epitaxially formed at least a doped or 
undoped layer so as to form the emitter as the semicon 
ductor material layer for forming the emitter and, fur 
ther, a passivation film layer for protecting the surface 
of the epitaxially grown layer. Then, in the case where 
impurities are previously contained, the portion for 
forming the collector or emitter region is left as it is and 
other impurities are introduced to the periphery 
thereof, thereby making the periphery semi-insulating 
by applying an impurity introduction process such as 
ion implantation or diffusion. In the case of an undoped 
semi-insulating state, impurities are introduced into the 
region for forming the collector or emitter region 
thereby forming the collector or emitter region. Then, 
the passivation film is effectively removed in an epitax 
ial device and, thereafter, semiconductor material lay 
ers required for forming BT are epitaxially formed. In 
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4. 
this way, a BT is formed using such a structure that (1) 
impurities are additionally introduced to the specific 
portions inside of the multilayer structure formed 
through epitaxy, (2) the introduced impurities are sub 
stantially abruptly eliminated at the boundary between 
the portion introduced with the impurities and the epi 
taxial layer directly formed thereover, (3) the properties 
of the semiconductor vary substantially abruptly at the 
boundary between the layer introduced with the impu 
rities and the layer epitaxially formed thereover and (4) 
crystals above the layer introduced with the impurities 
are not injured. 
The following process is also applicable. For the first 

epitaxial growth, at least a highly doped layer having 
carriers of a type identical with the collector or an 
undoped semi-insulating layer and a passivation film 
layer thereover are epitaxially formed as the epitaxially 
formed semiconductor layer below the collector in the 
normal type. At least a highly doped layer or an un 
doped semi-insulating layer having carriers of a type 
identical with the emitter and a passivation film layer 
thereover are epitaxially formed below the emitter as 
the epitaxially formed semiconductor layer in the in 
verted type. Then, in the case of the highly doped layer, 
the peripheral layer is semi-insulated while leaving a 
portion smaller in size than that of the collector or 
emitter region and included within a range just beneath 
the collector or emitter region by introducing impuri 
ties by ion implantation or diffusion. In the case of using 
the undoped semi-insulating layer, a highly doped re 
gion is formed by introducing impurities to the portion 
smaller in size than that the collector or emitter region 
and included within a range just beneath the collector 
or emitter region. Then, after effectively removing the 
passivation film layer, semiconductor material layers 
required for forming the BT is epitaxially formed. In 
this case, impurities are introduced from above the 
multi-layer structure materials thus formed so as to 
make the collector or emitter region smaller and con 
vert at least the periphery of the collector or the emitter 
into a region having carriers of a type identical with 
that of the base. Further, the ion implantation or like 
other process is carried out by applying a passivation 
film composed of a material capable of epitaxial grow 
ing which can be removed with ease at a temperature 
and in an atmosphere under which the materials formed 
epitaxially therebelow are not decomposed or evapo 
rated, particularly, a passivation film of a plural layer 
structure comprising material that is epitaxially formed 
on the aforementioned passivation film material and can 
selectively be removed with ease outside of the epitaxial 
device. This is carried out while preventing the under 
lying materials from being contaminated with air or 
other atmosphere and, subsequently, epitaxial growth 
again is carried out after removing the passivation film 
to form a multilayer structural material having a re 
grown boundary of good quality. 

In the manufacturing method according to this inven 
tion, a multilayer structure material can be formed ef 
fectively, in which impurities are introduced into a 
specific portion of a layer inside the multilayer structure 
composed of epitaxially formed semiconductor materi 
als of different properties, and wherein the introduced 
impurities are substantially abruptly eliminated at the 
boundary between the portion of the layer introduced 
with the impurities and the layer thereabove. As a re 
sult, the properties of the semiconductor vary substan 
tially abruptly at the boundary between the layer in 
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which impurities are introduced and the layer there 
above. Accordingly, it is possible to effectively form a 
minute collector region in the normal BT in which the 
emitter is disposed above, and a minute emitter region in 
an inverted type BT in which the collector is disposed 
above, whereby the cbc and Ceb can be made extremely 
smaller. Further, since the distributin of the impurities is 
limited only to the portion requiring the introduction of 
the impurities and since the crystals in the layer above 
the layer introduced with the impurities do not suffer 
from injury due to the passage of the impurities, the 
performance of the BT is not impaired. 

Therefore, a BT of high performance can be manu 
factured. The bipolar transistor and a method of manu 
facturing the same according to this invention will now 
be described while referring to the preferred embodi 
ments in conjunction with the drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 through 8 illustrate semiconductor devices 
using multilayered structures composed of epitaxially 
formed semiconductor materials of different properties 
according to this invention and a method of manufac 
turing same in the case of HBT. 

In FIGS. 1 through 8, are shown: 
1: A substrate in which epitaxial growth is carried 

Out, 
2: highly doped semiconductor layer formed through 

epitaxial growth for facilitating the formation of ohmic 
contact of a collector, 2-a: An HBT-forming region of 
2, 2-b: a portion of the layer 2 disposed at a region 
smaller than the size of the collector region situated just 
beneath the collector region in the layer 2, 2-c: a semi 
insulating region formed to the periphery of the region 
2-b in the layer 2 by uniformly introducing impurities, 
2-d: a portion of 2-c disposed in the HBT-forming re 
gion, 3: a semiconductor material layer doped for form 
ing the collector, 3-a: collector region formed in the 
layer 3, 3-b: a semi-insulating region disposed in the 
layer 3 formed by the introduction of impurities, 3-c: a 
portion of 3-b disposed in an HBT-forming portion, 3-d: 
a region having carriers of a type identical with that of 
the base disposed uniformly to the periphery of the 
collector region in the layer 3, 3-e: a portion of 3-d 
situated in the HBT-forming portion, 4: a semiconduc 
tor layer doped for forming the base, 4-a: a base region 
for forming an emitter-base and collector-base a junc 
tion, 4-b: an external base region situated to HBT-form 
ing portion, 5: a semiconductor layer doped for forming 
an emitter, 5-a: emitter region disposed in the layer 5, 
5-b: a region having carriers of a type identical with the 
base disposed uniformly to the periphery of 5-a in the 
layer 5 formed by introducing impurities, 5-c: a semi 
insulating region disposed uniformly to the periphery of 
5-a in the layer 5 by introducing impurities, 5-d: a por 
tion of 5-c situated in an HBT-forming portion, 5-e: a 
portion of 5-b situated in an HBT-forming portion, 6: an 
epitaxially formed highly doped semiconductor layer 
for facilitating the formation of the emitter ohmic 
contact, 6-a: an ohmic contact forming region of the 
emitter formed in the portion of 6, 6-b: a region having 
carriers of a type identical with that of the base formed 
at the periphery of 6-a in the layer 6 by introducing 
impurities, 6-c: a portion situated in an HBT forming 
portion in the layer 6, 6-d: a portion of the layer 6 dis 
posed to a region smaller than the size of and disposed 
just beneath the emitter region, 6-e: a semi-insulating 
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region disposed uniformly to the periphery of 6-d in the 

6 
layer 6 by introducing impurities, 6f a portion of 6-e 
situated in HBT-forming portion, 7: an epitaxially 
formed passivation film layer, 8: an emitter electrode, 9: 
a base electrode, 10: a collector electrode, 11: an epitaxi 
ally formed un-doped semiconductor layer for forming 
the collector region by introducing impurities, 11-a: a 
collector region formed in the layer 11 by introducing 
impurity, 11-b: a portion of 11 situated in HBT-forming 
portion, 12: an un-doped semi-insulating layer formed 
below the layer for forming the collector region, 12-a: a 
portion of the layer 12 highly doped by introducing the 
impurities within a range smaller than the size of and 
situated just beneath the collector region, 12-b: a por 
tion of 12 situated in an HBT-forming region, 13: an 
epitaxially formed un-doped semi-conductor layer for 
forming the emitter by introducing impurities, 13-a: an 
emitter region formed in the layer 13 by introducing 
impurities, 13-b; a portion of the layer 13 situated in an 
HBT-forming region, 14: an un-doped semi-insulating 
layer disposed below the layer for forming the emitter 
region, 14-a: a portion of the layer 14 highly doped by 
introducing impurities within a range smaller than the 
size of and situated just beneath the emitter region, 14-b: 
a portion of the layer 14 situated in HBT-forming por 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
EXAMPLE 1. 

FIG. 1 illustrates a method of manufacturing a nor 
mal type HBT according to this invention and an exam 
ple of the HBT structure formed thereby. As shown in 
FIG. 1(a), there are epitaxially formed at first, on a 
substrate 1, a highly doped semiconductor material 
layer 2 having carriers of a type identical with that of a 
collector, a semiconductor material layer 3 for forming 
the collector and a passivation film layer 7. Then, as 
shown in FIG. 1(b), the peripheral portion around the 
region 3-a formed as a minute collector is converted by 
way of ion implantation into a semi-insulating region 
3-b. Then, after removing the passivation film layer 7 in 
an epitaxial device, there are epitaxially formed, as 
shown in FIG. 1(c), at least a semiconductor material 
layer 4 for forming a base, a semiconductor material 
layer 5 for forming an emitter and a highly doped semi 
conductor material layer 6 for facilitating the formation 
of the emitter ohmic contact. Then, as shown in FIG. 
1(d), an HBT device structure having an emitter region 
composed of 5-a and 6-a, an external base region 4-band 
a region 2-a for taking out the collector electrode by 
means of photolithography and etching. Then, as 
shown in FIG. 1(e), an emitter electrode 8, a base elec 
trode 9 and a collector electrode 10 are formed to man 
ufacture an HBT according to this invention. 

In the structure according to this invention, impuri 
ties introduced for forming the peripheral portion 
around the collector are restricted to the layer for form 
ing the collector and the lower portion thereof but are 
not substantially present in the base region. Further, 
since the impurities introduced to the peripheral portion 
around the collector do not pass through the base re 
gion, the crystals do not undergo injuries. 

EXAMPLE 2 

FIG. 2 illustrates a method of manufacturing a nor 
mal type HBT according to this invention and an exam 
ple of the HBT structure formed thereby. As shown in 
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FIG. 2(a), there are epitaxially formed at first, on a 
substrate 1, a highly doped semiconductor material 
layer 2 for facilitating the formation of the collector 
ohmic contact, an un-doped semiconductor material 
layer 11 for forming a collector region and a passivation 
film layer 7. Then, as shown in FIG. 2(b), a collector 
region 11-a is formed at a portion of the undoped layer 
11 by means of ion implantation. Then, after removing 
the passivation film layer 7 in an epitaxial device, there 
are epitaxially formed as shown in FIG. 2(c), at least a 
semiconductor material layer 4 for forming a base re 
gion, a semiconductor material layer 5 for forming an 
emitter region and a highly doped semiconductor mate 
rial layer 6 for facilitating the formation of the emitter 
ohmic contact. Then, an HBT device structure shown 
in FIG. 2(d) is formed by means of photolithography 
and etching. Then, an emitter electrode 8, a base elec 
trode 9 and a collector electrode 10 are formed to man 
ufacture a HBT according to this invention. 

In this structure, carriers of the collector are formed 
with additionally introduced impurities and the periph 
eral portion around the collector forms an undoped 
semi-insulating region. 

EXAMPLE 3 

FIG. 3 illustrates a method of manufacturing a nor 
mal type HBT according to this invention and an exam 
ple for the HBT structure formed thereby. As shown in 
FIG. 3(a), there are epitaxially formed at first, on a 
substrate 1, a highly doped semiconductor material 
layer 2 of a type identical with collector and a passiv 
ation film layer 7. Then, as shown in FIG. 3(b), a pe 
ripheral region around the collector region is converted 
into a semi-insulating region 2-c by ion implantation 
while leaving a region 2-b smaller in size than the size 
of the collector region and included within a range just 
beneath the collector region. Then, as shown in FIG. 
3(c), after leaving the passivation film layer 7 in the 
epitaxial device, there are epitaxially formed at least a 
semiconductor material layer 3 for forming a collector 
region, a semiconductor material region 4 for forming a 
base region, a semiconductor material layer 5 for form 
ing an emitter region and a highly doped semiconductor 
material layer 6 for facilitating the formation of the 
emitter ohmic contact. Then, as shown in FIG. 3(d), at 
least the peripheral portion around the collector region 
3-a is converted into a region 3-d having carriers of a 
type identical with that of the base by means of ion 
implantation. Then, an HBT device structure as shown 
in FIG.3(e) is formed by using the same procedures as 
in Example 1 and, further, an emitter electrode 8, a base 
electrode 9 and a collector electrode 10 are formed to 
manufacture an HBT according to this invention shown. 
in FIG. 3(f). 

In this structure, the peripheral portion around the 
collector region 3-a constitutes a semiconductor region 
3-e having the carriers of a type identical with that of 
the base, the layer below the collector region 3-a com 
prises a highly doped region 2-b of a type identical with 
that of the collector situated within a range just beneath 
the collector region 3-a and a semi-insulating region 2-d 
is formed with additionally introduced impurities at the 
peripheral portion thereof. 

Example 4 
FIG. 4 illustrates a method of manufacturing a nor 

mal type HBT according to this invention and an exam 
ple of a HBT structure formed thereby. As shown in 
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8 
FIG. 4(a), there are epitaxially formed at first, on a 
substrate 1, a highly doped Semiconductor material 
layer 2 of a type identical with that of a collector, an 
undoped semiconductor material layer 12 for forming 
the collector region and a passivation film layer 7. 
Then, as shown in FIG. 4(b), a portion 12-a of the un 
doped layer 12 which is smaller in size than the collec 
tor region 3-a and situated within a range just beneath 
the collector region 3-a is converted into the highly 
doped region 12-a of a type identical with that of the 
collector region 3-a. Then, as shown in FIG. 4(c), after 
removing the passivation film layer 7 in an epitaxial 
device, there are epitaxially formed at least semiconduc 
tor material layer 3 for forming the collector region, a 
semiconductor material layer 4 for forming the base 
region, a semiconductor material layer 5 for forming the 
emitter region and a semiconductor material layer 6 for 
facilitating the formation of the emitter ohmic contact. 
Then, as shown in FIG. 4(d), at least the peripheral 
portion around the collector region is converted into a 
highly doped region 3-d having carriers of a type identi 
cal with that of the base. Then, a HBT device structure 
shown in FIG. 4(e) is formed by using the same proce 
dures as in Example 1 and an emitter electrode 8, a base 
electrode 9 and a collector electrode 10 are formed to 
manufacture as HBT according to this invention shown 
in FIG. 4(f). 

In this structure, the peripheral portion around the 
collector region 3-a forms a semiconductor region 3-e 
having carriers of a type identical with that of the base 
and the layer below the collector region 3-a comprises 
a highly doped region 12-a of a type identical with that 
of the collector, smaller in size than the collector region 
3-a and situated within a range just beneath the collec 
tor region 3-a and an undoped semi-insulating region 
12-b at the peripheral thereof. 

Example 5 
FIG. 5 illustrates a method of manufacturing an in 

verted type HBT according to this invention and an 
example of a HBT structure formed thereby. As shown 
in FIG. 5(a), there are epitaxially formed at first, on a 
substrate 1, a highly doped semiconductor material 
layer 6 of a type identical with that of an emitter, a 
semiconductor material layer 5 for forming an emitter 
region and a passivation film layer 7. Then, as shown in 
FIG. 5(b), the peripheral portion around a minute emit 
ter region 5-a is converted into a semi-insulating region 
5-c by ion implantation while leaving the region 5-a as it 
is. Then, after removing the passivation film layer 7 in 
an epitaxial device, there are epitaxially formed, as 
shown in FIG. 5(c), at least a semiconductor material 
layer 4 for forming a base region, a semiconductor ma 
terial layer 3 for forming a collector region and a semi 
conductor material layer 2 for facilitating the formation 
of the collector ohmic contact. Then, a HBT device 
structure shown in FIG. 5(d) is formed and an emitter 
electrode 8, a base electrode 9 and a collector electrode 
10 are formed as shown in FIG. 5(d) to manufacture a 
HBT according to this invention as illustrated in FIG. 
5(e). 

In the structure according to this invention, the distri 
bution of impurities additionally introduced in the layer 
forming the emitter are restricted and the introduced 
impurities are not substantially present in the base re 
gion, by which crystals are kept from injury. 
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Example 6 
FIG. 6 illustrates a method of manufacturing an in 

verted type HBT device according to this invention and 
an example of an HBT structure formed thereby. As 
shown in FIG. 6(a) there are epitaxially formed at first, 
on a substrate 1, at least a highly doped semiconductor 
material layer 6 of a type identical with that of the 
emitter, an undoped semi-insulating material layer 13 
and a passivation film layer 7. Then, as shown in FIG. 
6(b), impurities are introduced by ion implantation to a 
portion for forming an emitter region of the undoped 
layer 13 to form an emitter region 13-a. Then, after 
removing the passivation film layer 7 in an epitaxial 
device, there are formed, as shown in FIG. 6(c), at least 
a semiconductor material layer 4 for forming a base 
region, a semiconductor material layer 3 for forming a 
collector region. and a highly doped semiconductor 
material layer 2 of a type identical with that of the 
collector. Then, an HBT device structure shown in 
FIG. 6(d) is formed by the same procedures as in Exam 
ple 5 and an emitter electrode 8, a base electrode 9 and 
a collector electrode 10 are formed to manufacture an 
HBT according to this invention as shown in FIG. 6(e). 

In the structure according to this invention, carriers 
in the emitter region 13-a are formed by additionally 
introduced impurities and the peripheral portion around 
the emitter region 13-a is converted into an undoped 
semi-insulating region 13-b. 

Example 7 
FIG. 7 illustrates a method of manufacturing an in 

verted type HBT according to this invention and an 
example of a HBT structure formed therewith. As 
shown in FIG. 7(a), there are epitaxially formed, at first, 
7-a on a substrate 1, a highly doped semiconductor 
material layer 6 of a type identical with that of an emit 
ter and a passivation film layer 7. Then, as shown in 
FIG. 7(b), the peripheral portion is converted into a 
semi-insulating region 6-e by means of ion implantation 
while leaving a portion 6-d smaller in size than the 
emitter region 5-a and situated within a range just be 
neath the region as it is. Then, after removing the pas 
sivation film layer 7 in an epitaxial device, there are 
epitaxially formed, as shown in FIG. 7(c), at least a 
semiconductor material layer 5 for forming the emitter 
region, a semiconductor material layer 4 for forming a 
base region, a semiconductor material layer 3 for form 
ing a collector region and a highly doped semiconduc 
tor material layer 2 of a type identical with that of the 
collector region. Then, as shown in FIG. 7(d), at least 
the peripheral portion around the emitter region 5-a is 
converted into a region 5-b having carriers of a type 
identical with that of the base by ion implantation. 
Then, an HBT device structure shown in FIG. 7(e) is 
formed by using the same procedures as in Example 5 
and an emitter electrode 8, a base electrode 9 and a 
collector electrode 10 are formed to manufacture an 
HBT according to this invention shown in FIG. 7(f). 

In the structure according to this invention, the pe 
ripheral portion around the emitter region 5-a is con 
verted into a semiconductor region 5-e having carriers 
of a type identical with that of the base, and the layer 
below the emitter region 5-a comprises a highly doped 
region 6-d of a type identical with that of the emitter, 
smaller in size than the emitter region 5-a and within a 
range just beneath the emitter region 5-a and the periph 
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10 
eral portion is converted into a semi-insulating region 
6.fby additionally introduced impurities. 

Example 8 
FIG. 8 illustrates a method of manufacturing an in 

verted type HBT according to this invention and an 
example of an HBT structure manufactured therewith. 
As shown in FIG. 8(a), there are epitaxially formed at 
first, on a substrate 1, a highly doped semiconductor 
material layer 6 of a type identical with that of an emit 
ter, an undoped semiconductor material layer 14 for 
forming an emitter region and a passivation film layer 7. 
Then, as shown in FIG. 8(b), a portion of the undoped 
layer situated within a range just beneath an emitter 
region 5-a is converted into a highly doped region 14-a 
of a type identical with that of the emitter by means of 
ion implantation. Then, after removing the passivation 
film layer 7 in an epitaxial device, there are epitaxially 
formed, as shown in FIG. 8(c), at least a semiconductor 
material layer 5 for forming the emitter region, a semi 
conductor material layer 4 for forming a base region, a 
semiconductor material layer 4 for forming a collector 
region, a semiconductor material layer3 for forming the 
collector region and a highly doped layer 2 of a type 
identical with that of the collector. Then, as shown in 
FIG. 8(d), the peripheral portion around the emitter 
region 5-a is converted into a region 5-b having carriers 
of a type identical with that of the base by means of ion 
inplantation. Then, the HBT device structure shown in 
FIG. 8(e) is formed by the same procedures as in Exam 
ple 5 and an emitter electrode 8, a base electrode 9 and 
a collector electrode 10 are formed to manufacture an 
HBT according to this invention shown in FIG. 8(f). 

In the structure according to this invention, the pe 
ripheral portion around the emitter region 5-a is con 
verted into a semiconductor region 5-e having carriers 
of a type identical with that of the base and the layer 
below the emitter region 5-a comprises a highly doped 
region 14-a of a type identical with that of the emitter 
region 5-a, smaller in size than the emitter region 5-a 
and situated with a range just beneath the emitter region 
5-a and an undoped semi-insulating region 14-b is 
formed at the periphery thereof. 
For the semiconductor materials, there are employed 

in these examples highly doped n-type GaAs(nt-GaAs) 
as the material for forming the emitter ohmic contact, 
n-type AlxGa1-xAs(N-AlxGa1-xAs) as the emitter 
material, highly doped p-type GaAs(p-GaAs) as the 
base material, in type GaAs(n-GaAs) as the collector 
material, a highly doped in type GaAs(n-GaAs) as the 
material for facilitating the formation of the collector 
ohmic contact, undoped GaAs (u-GaAs) as the un 
doped semi-insulating material for forming the collec 
tor, undoped AlxGa1-xAs(U-AlxGa1-xAs) as the un 
doped semi-insulating material for forming the emitter, 
and undoped GaAs(u-GaAs) as the un-doped semi 
insulating material for forming the highly doped region 
of a minute size. However, other materials than above 
may be used for the bipolar transistor. For instance, it is 
also possible to use Si, Ge, GaAs, AlAs, InP, GaP, AlP 
or mixed crystals thereof, or those materials combining 
them with each other. 
The materials for the passivation film usable in exam 

ples may be any of materials provided that they can be 
epitaxially formed as a dense film, can prevent the epi 
taxially formed underlying materials from being ex 
posed to air or other like ingredients, and can be re 
moved with ease without damaging the underlying 
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epitaxially formed materials at such a temperature and 
in an atmosphere which will not cause the decomposi 
tion or evaporation of the underlying materials. In the 
GaAs-AlGa1-xAs system of examples, there are used 
an epitaxially formed thin InAS film and an epitaxially 
formed passivation films comprising a dual layer struc 
ture of InAs and Al-Ga1-xAs. Since InAs can be re 
moved in the form of InAs at a temperature and in an 
As atmosphere which does not cause GaAs to decom 
pose, it is suitable in this material system. Although 
thinner InAs is desirable for easy removal in a short 
period of time, a certain thickness is required for pro 
tecting the surface. While on the other hand, although it 
is difficult in the case of the dual layer passivation film 
in which AlxGa1-xAs is formed on InAs to remove 
AlxGa1-xAs without damaging the underlying GaAs in 
an epitaxial device, AlxGa1-xAs with a relatively large 
x value can be removed simply by wet etching without 
damaging the InAs. If AlxGa1-xAs layer with a rela 
tive large x value is made thicker, since InAS can com 
pletely be prevented from being exposed to air or like 
other atmosphere, an AlAs passivation film can be 
formed so thin that it can be removed in a short period 
of time just before the epitaxy. It is extremely easy to 
selectively remove the AlxGa1-xAs layer just before 
placing the structure in the epitaxial device after carry 
ing out the ion implantation or like other process and 
the time in which InAs is exposed to air can be short 
ened by placing the structure directly after the removal 
into the epitaxial device. Accordingly, the boundary 
can sufficiently be protected by a thin InAs layer and 
since the thin layer can easily be removed just before 
the epitaxy, it provides a great advantage in the process. 
The materials usable for the passivation film layer 

include, in view of the decomposing or evaporizing 
temperature of the underlying epitaxially formed mate 
rial, InAs, InGa1-xAs or epitaxially formed thin film 
comprising a plurality of a layers in which at least Al 
Ga1-xAS is formed on InAs and InAS or In Gal-As 
in the case of using GaAs, AlAs, GaP, InP, mixed crys 
tal thereof or In-Ga1-xAs as the underlying material; 
InAs, In-Ga1-xAs, GaAs, or an epitaxially formed thin 
film comprising a plurality of layers in which at least 
AlxGa1-xAs is formed on InAs, InGa1-xAs or GaAs 
in the case of using AlxGa1-As, Si, Geor GexGa1-xAs 
as the underlying material; and InSb or InSbAs.1 in 
the case of using GaAs, AlAs, InAs, GaP, InP, mixed 
crystals thereof or Ge, Si or GeSi-x as the underlying 
material. 
Although HBT is used as the bipolar transistor in the 

examples, the method of this invention is also applicable 
to BT for increasing the operation speed. 
The epitaxially formed thin film comprising a plural 

ity of layers containing InAs and AlxGa1-xAs formed 
thereover used in the examples can be applied not only 
to BT but also to the manufacture of those materials or 
devices which require the epitaxial process steps, other 
subsequent processing steps. In a semiconductor laser, 
for example, it is possible to apply a passivation film and 
a process for forming carrier-confining region outside 
of an epitaxial device and then to apply epitaxial grow 
ing steps again to thereby manufacture a semiconductor 
laser with a distinct carrier-confining region. 

Further, although the passivation film is formed in 
the examples after forming the layer for the formation 
of a collector or after forming the layer below the layer 
for forming the collector in a normal type, while there 
after forming the layer for the formation of an emitter 
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12 
or after forming the layer below the layer for forming 
the emitter in an inverted type, other processes are of 
course possible. For instance, a passivation film may be 
formed after forming the layer for the formation of the 
base region or after forming the layer for the formation 
of the emiiter, and the passivation film Subsequently 
removed and an epitaxial layer again formed. 
As has been described above, in the case of introduc 

ing impurities to specific portions inside a multilayer 
structure of semiconductor materials of different prop 
erties this invention applies a manufacturing method, 
which comprises epitaxially forming a layer in which 
impurities are introduced, epitaxially forming thereover 
a passivation film that can be removed with ease by 
heating at a temperature and in an atmosphere under 
which the epitaxially formed materials described above 
are not decomposed or evaporized thereby protecting 
the epitaxially formed materials, then introducing impu 
rities by appropriate means such as by ion implantation 
by introducing impurities to desired portions and, there 
after, removing the passivation film layer in an epitaxial 
device and then applying epitaxial growing again. 

It is thus possible to manufacture a semiconductor 
device using a multilayer structure of semiconductor 
materials having different properties, in which impuri 
ties are additionally introduced at specific portions in 
side thereof, and in which the impurities are eliminated 
substantially abruptly at the boundary between the por 
tion introduced with the impurities and the layer there 
above; according to the procedures the properties of the 
semiconductor vary substantially abruptly at the bound 
ary between the layer introduced with the impurities 
and the layer thereabove and thus the crystals in the 
layer above the portion in which the impurities are 
included undergo no injuries. Accordingly, in a BT 
using the above-mentioned structure, the Cbc and Rb 
can be reduced and, thus, the fin can be increased, since 
it is possible to manufacture a normal type BT having an 
emitter disposed above, in which a minute collector 
having the semi-insulating region at the periphery of the 
collector region is present, impurities are not substan 
tially present in the base region above the semi-insulat 
ing region at the periphery of the collector and crystals 
are not damaged. Further, it is also possible to manufac 
ture BT in which a highly doped region of a type identi 
cal with that of the collector is formed at a portion 
situated within a range just beneath the collector re 
gion, a peripheral region thereof contain carriers of a 
type identical with that of the base, no impurities hin 
dering the transistor operation are included in the pe 
ripheral portion around the collector region or the base 
region thereabove and crystals are not damaged. This 
enables one to manufacture a BT with a decreased Cbc 
and increased frn. 

In an inverted type BT in which the collector is dis 
posed above, since it is possible to manufacture a BT of 
a structure in which the collector and the emitter are 
replaced with each other, it is possible to improve the 
Cbc by decreasing the size of the collector disposed 
above, as well as to remarkably increase the f and fin by 
reducing the Ceb and Rb with the above-mentioned 
Structure. 

Further, in addition to a method of using a single 
layer of a passivation film for the surface of epitaxially 
grown layer, that can be removed with ease by heating 
at a temperature and in an atmosphere under which the 
epitaxially formed materials are not decomposed or 
evaporated, it is also possible to employ a method of 
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applying a protection film of a multilayer structure 
comprising a plurality of layers in which an epitaxially 
formed layer composed of a material that can be re 
moved selectively by etching is formed over the above 
mentioned passivation film, practicing ion implantation 
or like other process, rapidly remove the passivation 
film the above just prior to the succeeding, and to re 
move the passivation film of the lower layer in an epi 
taxial device and then applying the epitaxial growing 
again. According to such procedure it is possible to 
manufacture a multistructure of semiconductor materi 
als of different perties, wherein the semiconductor has 
no high resistance properties at the boundary between. 
the layer protected so far and the succeeding epitaxial 
layer due to the effect of the external atmosphere and 
the properties of the semiconductor vary substantially 
abruptly at the boundary. Various semiconductor de 
vices of high performance using these same materials 
can also be produced. 
What is claimed is: 
1. A method of manufacturing a semiconductor de 

vice using a multilayer structure of semiconductor ma 
terials in which impurities additionally introduced to a 
specific portion of the semiconductor materials are 
eliminated abruptly at a boundary between a semicon 
ductor layer introduced with the impurities and a layer 
thereabove and the properties of the semiconductors 
vary abruptly at said boundary, said method comprising 
the steps of epitaxially forming, on a substrate, a semi 
conductor material layer and a passivation film there 
over for preventing the epitaxially formed semiconduc 
tor material layer from contacting the atmosphere dur 
ing a subsequent step of introducing impurities, intro 
ducing impurities to a specific portion of said epitaxially 
formed semiconductor material layer, removing said 
passivation film in an epitaxy device, and further epitax 
ially forming on said semiconductor material layer at 
least another semiconductor material layer. 

2. A method of manufacturing a semiconductor de 
vice as defined in claim 1 which forms, as the epitaxially 
formed semiconductor material layer to be introduced 
with impurities, a layer of GaAs, AlAs, GaP, InP, mix 
tures thereof or In-Ali-xAs and forms, as the epitaxi 
ally formed passivation film, a film of InAs or In 
Ga1-xAs or a film comprising a first film of InAs or 
In Ga1-xAs and a second film of AlxGa1-xAs formed 
on the first film. 

3. A method of manufacturing a semiconductor de 
vice as defined in claim 1 which forms, as the epitaxially 
formed semiconductor material layer to be introduced 
with impurities, a layer of Al-Ga1-xAs, Ge or Ge 
Sil- and forms, as the epitaxially formed passivation 
film, a film of InAs, InAll-As or GaAs or a film 
comprising a first film of InAs, InAl 1-xAs or GaAs 
and a second film of AlxGa1-xAs formed on the first 
film. 

4. A method of manufacturing a bipolar transistor 
having a collector region, a base region and an emitter 
region which are formed in this order on a substrate, 
said method comprising the steps of: 

epitaxially forming at least a first semiconductor ma 
terial layer for forming the collector region and a 
passivation film in this sequence; 

introducing impurities to the first semiconductor 
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first semiconductor material layer, except for said 
specific part, semi-insulating: 
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eliminating said passivation film; 
epitaxially forming on the first semiconductor mate 

rial layer at least a second semiconductor material 
layer for forming the base region and a third semi 
conductor material layer for forming the emitter 
region in this sequence; and 

patterning the second and third semiconductor mate 
rial layers into specific patterns, respectively. 

5. A method as defined in claim 4, wherein the enit 
ter region is made of a semiconductor material having a 
band gap greater than that of a semiconductor material 
used for making the base region. 

6. A method of manufacturing a bipolar transistor 
having a collector region, a base region and an emitter 
region which are formed in this order on a substrate, 
said method comprising the steps of: 

epitaxially forming a first semiconductor material 
layer which is a highly doped semiconductor mate 
rial layer for forming a collector ohmic contact 
region and a passivation film in this sequence; 

introducing impurities to the first semiconductor 
material layer except for a specific part thereof 
which becomes the collector ohmic contact region 
to make the first semiconductor material layer, 
except for said specific part, semi-insulating; 

removing said passivation film; 
epitaxially forming on the first semiconductor mate 

rial layer at least a second semiconductor material 
layer for forming the collector region, a third semi 
conductor material layer for forming the base re 
gion and a fourth semiconductor material layer for 
forming the emitter region in this sequence; 

introducing impurities to the second semiconductor 
material layer, except for a specific part thereof 
which becomes the collector region, to make the 
second semiconductor material layer, except for 
said specific part thereof, into a region having car 
riers of a type identical with that of the base region, 
said specific part of the second semiconductor ma 
terial layer being larger in area than said specific 
part of the first semiconductor material layer; and 

patterning the third and fourth semiconductor mate 
rial layers into specific patterns, respectively. 

7. A method as defined in claim 6, wherein the emit 
ter region is made of a semiconductor material having a 
band gap greater than that of a semiconductor material 
used for making the base region. 

8. A method of manufacturing a bipolar transistor 
having a collector region, a base region and an emitter 
region which are formed in this order on a substrate, 
said method comprising the steps of: 

epitaxially forming a first semiconductor material 
layer which is a highly doped semiconductor mate 
rial layer of a type identical with that of the collec 
tor region, a second semiconductor material layer 
which is an un-doped semiconductor material layer . 
for forming the collector region and a passivation 
film in this sequence; 

introducing impurities to the second semiconductor 
material layer at a specific part thereof to make said 
specific part into the collector region; 

removing the passivation film; 
epitaxially forming on the second semiconductor 

material layer at least a third semiconductor mate 
rial layer for forming the base region and a fourth 
semiconductor material layer for forming the emit 
ter region in this sequence; and 
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patterning the third and fourth semiconductor mate 
rial layers into specific patterns, respectively. 

9. A method as defined in claim 8, wherein the emit 
ter region is made of a semiconductor material having a 
band gap greater than that of a semiconductor material 5 
used for making the base region. 

10. A method of manufacturing a bipolar transistor 
having a collector region, a base region and an emitter 
region which are formed in this order on a substrate, 
said method comprising the steps of: O 

epitaxially forming a first semiconductor material 
layer which is a highly doped semiconductor mate 
rial layer of a type identical with that of the collec 
tor region, a second semiconductor material layer 
which is an un-doped semiconductor material layer 15 
and a passivation film in this sequence; 

introducing impurities to the second semiconductor 
material layer at a specific part thereof to convert 
said specific part into a highly doped region of a 
type identical with the collector region; 20 

removing the passivation film; 
epitaxially forming on the second semiconductor 

material layer at least a third semiconductor mate 
rial layer for forming the collector region, a fourth 
semiconductor material layer for forming the base 25 
region and a fifth semiconductor material layer for 
forming the emitter region in this sequence; 

introducing impurities to the third semiconductor 
material layer except for a specific part thereof 
which becomes the collector region to convert the 30 
third semiconductor material layer, except for said 

16 
region which are formed in this order on a substrate, 
said method comprising the steps of: 

epitaxially forming a first semiconductor material 
layer which is a highly doped semiconductor mate 
rial layer for forming an emitter ohmic contact 
region and a passivation film in this sequence; 

introducing impurities to the first semiconductor 
material layer, except for a specific part thereof 
which becomes the emitter ohmic contact region, 
to make the first semiconductor material layer, 
except for said specific part, semi-insulating; 

removing the passivation film; 
epitaxially forming on the first semiconductor mate 

rial layer at least a second semiconductor material 
layer for forming the emitter region, a third semi 
conductor material layer for forming the base re 
gion and a fourth semiconductor material layer for 
forming the collector region in this sequence; 

introducing impurities to the second semiconductor 
material layer, except for a specific part thereof 
which becomes the emitter region, to make the 
second semiconductor material layer, except for 
said specific part thereof, into a region having car 
riers of a type identical with that of the base region, 
said specific part of the second semiconductor ma 
terial layer being larger in area than said specific 
part of the first semiconductor material layer; and 

patterning the third and fourth semiconductor mate 
rial layers into specific patters, respectively. 

15. A method as defined in claim 14, wherein the 
specific part thereof, into a region having carriers 
of a type identical with that of the base region, said 
specific part of the third semiconductor material 
layer being larger in area than said specific part of 
the second semiconductor material layer; and 

patterning the fourth and fifth semiconductor mate 
rial layers into specific patterns, respectively. 

35 

emitter region is made of a semiconductor material 
having a band gap greater than that of a semiconductor 
material used for making the base region. 

16. A method of manufacturing a bipolar transistor 
having an emitter region, a base region and a collector 
region which are formed in this order on a substrate, 
said method comprising the steps of: 

11. A method as defined in claim 10, wherein the 
emitter region is made of a semiconductor material 40 
having a band gap greater than that of a semiconductor 
material used for making the base region. 

12. A method of manufacturing a bipolar transistor 
having an emitter region, a base region and a collector 
region which are formed in this order on a substrate, 45 
said method comprising the steps of: 

epitaxially forming a first semiconductor material 
layer which is a highly doped semiconductor mate 
rial layer of a type identical with that of the emitter 
region, a second semiconductor material layer 
which is an un-doped semiconductor material layer 
for forming the emitter region and a passivation 
film in this sequence; 

introducing impurities to the second semiconductor 
epitaxially forming at least a first semiconductor ma 

terial layer for forming the emitter region and a 
passivation film in this sequence; 

introducing impurities to the first semiconductor 
material layer, except for a specific part thereof 
which becomes the emitter region, to make the first 
semiconductor material layer, except for said spe 
cific part, semiinsulating; 

eliminating said passivation film; 
epitaxially forming on the first semiconductor mate 

rial layer at least a second semiconductor material 
layer for forming the base region and a third semi 
conductor material layer for forming the collector 
region in this sequence; and 

patterning the second and third semiconductor mate 
rial layers into specific patterns, respectively. 

13. A method as defined in claim 12, wherein the 
emitter region is made of a semiconductor material 
having a band gap greater than that of a semiconductor 
material used for making the base region. 

14. A method of manufacturing a bipolar transistor 
having an emitter region, a base region and a collector 
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material layer at a specific part thereof to make said 
specific part into the emitter region; 

removing the passivation film; 
epitaxially forming on the second semiconductor 

material layer at least a third semiconductor mate 
rial layer for forming the base region and a fourth 
semiconductor material layer for forming the col 
lector region in this sequence; and 

patterning the third and fourth semiconductor mate 
rial layers into specific patterns, respectively. 

17. A method as defined in claim 16, wherein the 
emitter region is made of a semiconductor material 
having a band gap greater than that of a semiconductor 
material used for making the base region. 

18. A method of manufacturing a bipolar transistor 
having an emitter region, a base region and a collector 
region which are formed in this order on a substrate, 
said method comprising the steps of: 

epitaxially forming a first semiconductor material 
layer which is a highly doped semiconductor mate 
rial layer of a type identical with that of the emitter 
region, a second semiconductor material layer 
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which is an un-doped semiconductor material layer 
and a passivation film in this sequence; 

introducing impurities to the second semiconductor 
material layer at a specific part thereof to convert 
said specific part into a highly doped region of a 
type identical with the emitter region; 

removing said passivation film; 
epitaxially forming on the second semiconductor 

material layer at least a third semiconductor nate 
rial layer for forming the emitter region, a fourth 
semiconductor material layer for forming the base 
region and a fifth semiconductor material layer for 
forming the collector region in this sequence; 

introducing impurities to the third semiconductor 
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material layer, except for a specific part thereof 15 
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18 
which becomes the emitter region, to convert the 
third semiconductor material layer, except for said 
specific part thereof, into a region having carriers 
of a type identical with that of the base region, said 
specific part of the third semiconductor material 
layer being larger in area than said specific part of 
the second semiconductor material layer; and 

patterning the fourth and fifth semiconductor mate 
rial layers into specific patterns, respectively. 

19. A method as defined in claim 18, wherein the 
emitter region is made of a semiconductor material 
having a band gap greater than that of a semiconductor 
material used for making the base region. 
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